A field experiment was conducted during the winter seasons of 2008-10 at Agroforestry Research Centre, Pantnagar, India with aim to examine the effect of different levels of recommended Nitrogen (N): Phosphorus (P): Potassium (K) (NPK) on soil physico-bio-chemical properties under varying poplar tree densities with mustard introcropping. Lower soil bulk density was recorded under 1000 trees/ha density compared to sole crop in both the year. Soil bulk density (BD) decreased underneath trees. However, soil pH, available N and K were not influenced by tree density in both the years. Electrical conductivity (EC) and soil organic carbon (SOC) increased underneath trees of either tree density compared to sole crop in both the years. Significantly (P<0.05) higher available P was recorded under 1000 trees/ha density compared to 250 and 500 trees/ha densities including sole crop in 2008-09. Similarly, soil microbial biomass carbon (SMBC) increased with increasing the tree density and significantly (P<0.01) higher value was recorded under 1000 trees/ha density compared to sole crop and sparse density both the years except 2009-10, where 500 and 1000 trees/ha densities remain statistically at par. On the other hand, dehydrogenase activity (DA) was maximum under 500 trees/ha density compared to sole crop and 1000 trees/ha density in both the years. Among the fertility levels, the maximum SOC and available N were recorded with 75% compared to 50, 100 and 125% of recommended NPK in 2008-09, except available N with 100% of recommended NPK. But, available P was more with 100% of recommended NPK in 2008-09. Similarly, maximum SMBC were recorded with 75 % compared to higher doses of recommended NPK in both the years. Similarly, BD, EC, SOC, available N, P and K were recorded maximum and soil pH minimum in 0-15 cm soil layers compared deeper layers. 
INTRODUCTION
Soil fertility deterioration, in general, and organic matter depletion in particular under intensive agriculture system are the main problems in the tropical and sub-tropical region of Indian sub-continent. To certain extent agro-forestry land use system could be an alternate to reduce land degradation. Recently, Chauhan et al (2010) suggested Poplar (Populus deltoides Bartr) based agro-forestry as one of the viable land use options to prevent land degradation by which biological production could be restored sustainably. This system has been quite popular in northern India with expanding coverage every year. In such a system organic carbon content in soil (0-15 cm) has been shown to increased by 35.6 % after 6 years of poplar planting than in land having single wheat crop (Chauhan et al 2010) . As such, substantial loss in wheat yield occurred under Poplar, but compensated by the trees in terms of biomass, economics and carbon mitigation potential. There is need to increase the level of soil organic carbon not only to maintain land productivity, but also to provide a sink for atmosphere CO 2 in the terrestrial carbon pool. Moreover, the deposition of Poplar leaf litter changes C:N (Carbon:Nitrogen) ratio of the soil compensating potential crop growth.
The leaf litter biomass may vary depending on the tree age, density and management, hence nutrient cycling may also vary because soil biological activities are influenced by trees canopy, thereby availability of nutrients to underneath crops (Pingale 2009 ). The graded levels of fertilizers applied in inter cropping system invariably used by both crop as well as trees in agri-silvicultural system (Prasadini and Sreemannarayana 2007) . However, such knowledge has rarely been examined in specific agri-silviculture system. Therefore, the present paper attempt to provide empirical knowledge on residual effect in soil in terms of physical, chemical and biological properties having varying Poplar tree density underneath Indian mustard with various levels of fertilizers applied.
MATERIALS AND METHODS
The field experiments were conducted at Agroforestry Research Centre Patharchatta of Govind Bhallav Pant University of Agriculture and Technology, Pantnagar, Uttarakhand located at 29 0 N Latitude, 79.3 0 E Longitude and at an altitude of 243.84 m above mean sea level during 2008-09 and 2009-10 . The Poplar clone G4 were planted during February 2000 and mortality was maintained by gap-filling in following year to maintain 16 trees in each density at five meter row distance. The soil of the experiment site was clay loam (0-15 cm) in texture, having pH 8.0-8.05, organic carbon 0.99-1.17%, available nitrogen (N) 143.3-141.4 kg/ha, available phosphorus (P) 11.7-12.7 kg/ha and available potassium (K) 133.9-136.7 kg/ha in 0 to 45 cm soil layer under treeless (sole crop) to 1000/ha tree density plots. The land was thoroughly ploughed and incorporated leaf litter into the soil two weeks before sowing. Upland rice and wheat cropping sequence were followed till the beginning of the present experiment. The field remained fallow between the two experiments in kharif seasons of 2008-09 and 2009/10. The experiment was laid out in split-plot design taking four tree densities, i.e. Sole crop (open), 250, 500 and 1000 trees/ha plots with four fertility viz. 50%, 75%, 100% and 125% of recommended dose of fertilizer (RDF) for Indian mustard (Brassica juncea L.) as sub-plot treatment with four replications. The recommended fertilizer dose was 120 kg N, 40 kg P 2 O 5 and 20 kg K 2 O/ha. The NPK mixture (12:32:16) and urea (46% N) were used as a source of fertilizers in both the years. The doses of 50% N and 100% P and K for Indian mustard were applied into the soil at the time of sowing.
Indian mustard var. Kranti was inter-cropped on 8 th Nov in 2008 and 7 th Nov in 2009. The mustard seed was sown in lines 30 cm apart continuously keeping seed rate @ 5 kg/ha manually. The crop was irrigated only once with tube well water in both years at about 45 days after sowing (DAS). The remaining 50% N was top dressed after one week of irrigation. The crop was harvested on March 23 rd and 26 th , in 2009 and 2010, respectively when more than 80% pod turned yellow. Soil samples from each main plot in 0-15, 15-30 and 30-45 cm depths were collected before sowing and after harvest of mustard crop in both the years for assessing chemical properties viz. pH, Electrical Conductivity (EC), Soil Organic Carbon and available N, P and K.
-For soil microbial study, samples from each subplot at 0-15 cm soil depth were collected at peak flowering stage and stored in deep freeze for the determination of soil microbial biomass carbon and dehydrogenase activity. Bulk density was determined by Core sampler from each main plot at 0-15, 15-30 and 30-45 cm soil depths before sowing mustard crop. Soil samples were analyzed for pH (Jackson 1973) , EC, SOC (Black 1965) , available N (Subbiah and Asija 1956), P (Olsen et al 1954) and K (Jackson 1973 ) using standard procedures. The soil values of pH, EC, SOC, available N, P and K were determined depth wise in 0-15, 15-30 and 30-45 cm depths. Chloroform fumigation extraction (Jenkinson and Powlson 1976) and TTC assay method (Tabatabai 1994) were employed for the determination of soil microbial biomass carbon (SMBC) and dehydrogenase activity (DA), respectively.
RESULTS

Soil Physical Properties
Soil Bulk Density
The soil bulk density (BD) (g/cc) was influenced by tree density and soil depths in both the years, respectively. The soil bulk density decreased with increasing tree density ( Table 1 ). The highest 1.498 g/cc soil bulk density was recorded in sole cropping (open plot) as compared to underneath trees density in 2008-09 and 2009-10, respectively. However, the differences in soil bulk density between 250 and 500, and 500 and 1000 trees/ha plots in first year; and amongst 250, 500 and 1000 trees/ha densities in the second year were insignificant. The soil bulk density increased with increase in the soil depth. However, 15-30 cm soil depth had significantly (P<0.05) higher bulk density than 0-15 cm in 2009-10 (Table 1) .
Soil Chemical Properties
Soil pH
The soil pH after harvest of mustard crop was not influenced by tree density and fertility levels both during 2008-09 and 2009-10, while the soil pH varied with soil depths in both the years ( Table 2 ). The soil pH increased with increasing the soil depth up to 30 cm and declined in further deeper (30-45 cm). The higher (8.04 and 8.47) and lower (7.80 and 8.23) soil pH was observed in 15-30 and 0-15 cm soil depths, respectively in both the years.
EC of Soil
The EC (dS/m) of extract from saturated soil after harvest of mustard crop was influenced by tree density, fertility levels and soil depths in both the years ( Table 2) 
Organic Carbon (OC) Content in Soil
The organic carbon (%) of soil after harvest of mustard crop was influenced by tree density, fertility levels and soil depths in both the years, except by fertility levels in 2009-10 ( Table 2 ). The SOC (%) increased with increasing tree densities having maximum values 1.11 and 1.01% in 2008-09 and 2009-10, respectively. The highest OC was recorded under highest density (1000 trees/ha) in both years, compared to sole crop field. The differences between sole crop and 250 trees/ha and amongst 250, 500 and 1000 trees/ha densities in first year and 250, 500 and 1000 trees/ha densities in second year were somewhat closer. The SOC increased by 11 and 25%; 15 and 26% and 19 and 26% with each successive increase in tree densities from zero to 1000/ha in 2008-09 and 2009-10, respectively.
Among the fertility levels, the maximum (1.11%) soil OC was recorded with 75% of recommended NPK compared to 50, 100 and 125 % in 2008-09. The differences between 50, 100 and 125% of recommended NPK were not substantial with respect to SOC content in soil. Organic carbon of soil decreased with increasing soil depth having maximum (1.41%) recorded in 0-15 cm depth comparing to 15-30 and 30-45 cm depths in both years. However, 15-30 cm depth had higher SOC than 30-45 cm in both the years. Surface soil layer (0-15 cm) showed approximately two times (107 and 133%) more SOC. Whereas, the middle soil layer (15-30 cm) contained 53 and 45% more SOC than the lower most studied layer i.e. 30-45 cm.
Available Nitrogen in Soil
The available N in soil after harvest of mustard crop was not influenced by tree density in both the years, while fertility levels showed substantial effect only in 2008-09 and by soil depths in both the years (Table 3 ). The maximum (178.1 kg/ha) more soil available N was recorded with 75% as compared to 50 and 125% of recommended NPK in 2008-09. The differences between 50 and 100; 50 and 125 and 75 with 100% of recommended NPK were not substantial. The available N in soil decreased with increasing soil depths having the maximum (197.3 kg/ha) high soil available N at 0-15 cm depth in both years, comparing to 15-30 and 30-45 cm depths. At 15-30 cm depth higher available N compared to 30-45 cm depth occurred in both years. The maximum available N (kg/ha) was found in surface (0-15 cm) layer during both the years. The lowest available N was recorded in the lower most soil of 30-45 cm.
Available Phosphorus in Soil
The available P in the soil was significantly influenced both by tree density (P<0.05) and fertility levels (P<0.01) only in 2008-09, but by soil depths in both the years (Table 3 ). The maximum P (19.5 kg/ha) was occurred under 1000 trees per ha density compared to other densities including sole crop plots in year 2008-09. The differences amongst sole crop plots and under 250 and 500 trees/ha densities remained statistically non-significant (P<0.05). The available P in soil increased with increasing fertility levels up to 100% of recommended NPK, while the difference between 75 and 125% of recommended NPK was not significant.
Available Potassium (K) in Soil
The available K in soil after harvest of mustard crop was not influenced by tree density and fertility levels in any of the growing season, but varied with the soil depths in both the years (Table 3) . Alike available N and P, available K in soil also decreased with increased soil depths. The maximum (200.9 and 224.5 kg/ha) available K in soil was recorded in 0-15 cm depth which decreased significantly (P<0.05) with soil depth both years due to more turn-over of organic residues on the surface soil. The lowest available K was recorded in the lower most soil layer of 30-45 cm.
Soil Biological Properties
Soil Microbial Biomass Carbon
Soil microbial biomass carbon (SMBC) was significantly (P<0.05) influenced by tree density and fertility levels in both the years (Table  4) . SMBC increased with high tree densities having maximum (239.0 µg g -1 soil), higher SMBC under highest (i.e. 1000 trees/ha) density both in 2008-09 and 2009-10, respectively, comparing other densities including sole crop in first year and sole crop and 250 trees/ha density in second year. The differences between 250 and 500 trees/ha and 500 and 1000 trees/ha densities were not significant (P<0.05) in 2009-10. Among the fertility levels, the maximum 227.88 µg g -1 soil was significantly (P<0.05) higher in 75% of recommended NPK, respectively, compared to 100 and 125% of recommended NPK both in 2008-09 and 2009-10. The differences between 50 and 75% and 100 and 125 % of recommended NPK were not significant (P<0.05) in both the years. 
Dehydrogenase Activity
Dehydrogenase activity was significantly (P<0.05) influenced by tree density during both the years. The dehydrogenase activity was not influenced by fertility levels during both the years (Table 4) . Dehydrogenase activity increased with increased tree densities and reached maximum (118 and 167 µg TPFg -1 24 hr -1 ) and significantly(P<0.05) higher under 500 trees/ha density in 2008-09 and 2009-10, respectively, compared to sole crop in first year and sole crop, 250 and 1000 trees/ha densities in second year. The differences between sole crop and 1000 trees/ha and amongst 250, 500 and 1000 trees/ha in 2008-09 and between 250 and 1000 trees/ha densities in 2009-10 were not significant (P<0.05).
DISCUSSION
The soil bulk density (BD) (g/cc) was substantially influenced by tree density and soil depths in both the years i.e. 2008-09 and 2009-10 (Table 1 ). The lower bulk density was recorded in higher density due to high organic matter content in closely spaced tree density. More leaf litter fall might occurred in plots under higher tree densities. Higher value of bulk density was observed in second year due to removal of leaf litter in first year from the mustard plot for establishment and proper growth of experimental crop (mustard), hence complete addition of litter to soil could not be allowed. These results are in close agreement with Nayak et al (2009) and Pingale, (2009) . Nayak et al (2009) observed the lower bulk density under Prosopis juliflora tree as compared to open field. Pingale (2009) also observed decrease in soil bulk density with increased in Populus deltoides tree density. The soil bulk density increased with the increase in the soil depth due to poor organic matter content at deeper depth. Gupta and Sharma (2008) also reported soil physical properties such as porosity, density and water holding capacity improved in poplar plantation compared to sole crop in Uttrakhand.
The soil pH varied with soil depths in both the years (Table 2 ). The marginally lower pH in 0-15 cm soil depth under agroforestry systems may be due to substantial addition of organic matter to the surface soil under trees and organic acid released during litter decomposition as also reported in agrisilvicultural system by Prasadini and Sreemannarayana (2007) and Kumar et al (2008) . Newaj et al (2007) also observed very nominal changes in soil pH under White siris (Albizia procera) based agrisilvicultural system after 4 years of experimentation as compared to initial value due to very high free calcium carbonate content in the soils. Bharadwaj et al (2001) observed increasing trend of soil pH with deeper soil layers under various tree densities of poplar.
EC of soil underneath poplar trees was higher compared to sole crop (open) in both the years (Table 2) . Newaj et al (2007) also observed higher EC under Albizia procera based agrisilvicultural system than under pure crop of mustard and black gram. This could be due to enrichment of soil mineral basic salts through addition and decomposition of litter. Singh et al (2007) reported that poplar trees returns maximum amount of Ca into the soil through litter fall amongst different macronutrients.
Among the fertility levels, lower (50%) of NPK fertilized plots showed higher value of EC. Maji and Mandal (2004) also observed that addition of 75% of recommended NPK plus FYM either in both the seasons and single season enhanced the electrical conductivity of soil than the control in paddy-oat/berseem rotations. The EC of soil decreased with increasing soil depth. Higher magnitude of EC in 0-15 cm depth compared to lower depth occurred probably due to the presence of more litter at the surface soil. Similar results have also been shown by Newaj et al (2007) in agrisilviculture system in semi-arid areas of India.
Soil organic carbon contents decreased in 2009-10 compared to 2008-09, this might bedue to defoliation of poplar leaves by insect (caterpillar) attack during early autumn season in 2009-10. It is speculated that the defoliation must have reduced the total biomass of organic matter addition into the soil in 2009-10. Such facts might need to be examined in future studies how the caterpillars might impact the biomass loss on soil organic carbon deposits. The SOC (%) in soil increased with increasing the tree densities compared to sole crop i.e. open field. The SOC (%) increased by 11 and 25%; 15 and 26% and 19 and 26% with each successive increase in tree density from zero to 1000/ha in 2008-09 and 2009-10, respectively. Previous studies have also argued that continuous litter addition and tree shading should helped in protecting soil organic matter by reducing oxidation (Gill and Burman 2002 , Bharadwaj et al 2001 , Pingale 2009 ). Swami and Puri (2005) also observed 15.1% increase over initial value in SOC (%) in Gmelina arborea based agrisilvicultural system, while it has been 51.2% increase in pure plantation of G. arborea.
Among the fertility levels, the maximum soil OC was recorded with 75% of recommended NPK compared to other levels of NPK. Das et al (2010) also observed highest soil organic carbon content with lower recommended NPK (50% NPK) in conjunction with Azolla compost compared to recommended NPK levels. Moscatelli et al (2008) The maximum soil available N was recorded with 75% compared to lower (50%) and higher levels (125%) of NPK. This may be due to depressive effect of higher dose of P on nitrogen availability in the soil. Haris et al (1999) had observed the depressed available N status of soils by application of P. The available N, P and K in soil decreased with increased soil depths and the maximum available N, P and K (kg/ha) was found in surface soil (0-15 cm) layer during both the years due to more turn-over of organic residues on the surface soil. The lowest available N, P and K was recorded in the lower most soil layer of 30-45 cm. Bharadwaj et al (2001) also observed decreasing trend in available N, P and K content with increase in soil depth even under high density poplar plantation.
Similarly, Swami et al (2008) also observed available nutrient (NPK) decreased with soil depth under Gmelina arborea based agrisilvicultural system. Maximum available P was recorded under highest (1000/ha) tree density probably due to the high organic matter content in the soils. The decomposition of organic matter is accompanied by the release of appreciable quantities of carbon dioxide which forms carbonic acid, when dissolved in water can decompose certain primary minerals. It has been shown that in calcareous soils, carbon dioxide production plays an important role in increasing the phosphate availability. The organic material forms a cover on sesquioxide and reduces the phosphate fixing capacity of the soil (Das et al 2010) . The maximum available P in soil was obtained with 100% NPK probably due to the P content of soil increased with increased dose of NPK. Soil microbial biomass carbon increased with increased tree densities owing to higher organic carbon content, and favorable microclimate under higher density. Kumar et al (2008) also observed higher microbial activity under plantations of different tree species in the upper surface of soil due to presence of higher organic carbon content. Chander et al (1995) observed improved microbial biomass carbon during decomposition of poplar leaf litter compared to Eucalyptus leaf litter.
Higher SMBC was obtained with 75% of recommended NPK due to adverse effect of higher dose of chemical fertilizers on active microbial population growth. This finding is similar to Cheema et al (2008) where enzymatic activity in soils was found to be depressed with continuous application of recommended inorganic fertilizers. Dehydrogenase activity increased with increased tree densities and reached maximum under 500 trees/ha density. This was probably due to higher fine root biomass under 500/ha tree density. Since the roots are known to produce exudates which are likely to provide energy for microbial metabolic activity. Singh and Singh (1994) also observed fine roots biomass of poplar was more in wider spacing, generally in 0-15 cm soil layers. The dehydrogenase activity improved underneath trees comparing to sole crop in both the years indicating increased active microbial population, as it provides correlative information on the biological activity and microbial population in the soil. This improvement in dehydrogenase activity might be due to improved physico-chemical properties of soil by trees. Batra (2004) also observed the dehydrogenase activity of soil being influenced both by the soil physico-chemical characteristics and agricultural management practices.
Agroforestry land use system is viable for sustainable agricultural production due to substantial addition of organic matter into the soil. The soil quality in enhanced underneath trees and optimum tree density is required for proper crop growth under tree canopy. Optimum dose of NPK (75%) is required for maintaining the soil quality in agrisilviculture system.
Agriculture land is believed to be a major potential sink and could absorb large quantities of carbon, if trees are reintroduced to these systems and judiciously managed together with the crop and/or animals. Thus importance of agroforestry as a land use system is receiving a wider recognition not only in terms of agricultural sustainability, but also due to climate change. Litter fall plays an important role in terms of nutrient cycling, and thus adds to sustainability of the system.
